Abstract. The T2K neutrino beam predictions require precise knowledge of the hadron production in proton-carbon interactions at 31 GeV/c. Currently one of the largest errors in flux estimates comes from the poor constraints of particle yields off the target. The NA61/SHINE experiment addresses this source of uncertainty for T2K with hadron production measurements obtained using data taken in 2007 and 2009 with a thin graphite target of 2 cm length (about 0.04 of an interaction length λI ). Measurements of π ± and K + yields from the 2007 dataset were already used by the T2K experiment to tune neutrino beam simulations and reduce uncertainties. New results on π ± , K ± , p, K 0 S and Λ production from the NA61/SHINE 2009 data analyses with smaller statistical and systematic errors were recently published. They allow for further reduction of neutrino and antineutrino flux uncertainties in T2K. Finally we discuss the total T2K beam uncertainty for neutrino and antineutrino mode with detailed decomposition of sources of errors that affect the flux predictions.
The T2K beam production
The experimental setup of the T2K consists of three main components: the neutrino beamline, the near detector complex, and far detector. The first two are situated at the J-PARC (Japan Proton Accelerator Research Complex) facility in Tokai, while the far detector -SuperKamiokande -is placed nearly 295 km away from the production point of the neutrino beam, in Kamioka mine. More details about near and far detectors may be found in [3] .
J-PARC is equipped with three accelerators: a linear accelerator (LINAC), a Rapid Cycle Synchrotron (RCS) and a Proton Synchrotron called Main Ring (MR) [4] . The design energies of the three acceleration stages are 400 MeV, 3 GeV and 30 GeV, respectively. The neutrino beamline consists of two complementary subsystems. These are: the primary and secondary beamlines. The main aim of the primary beamline is to tune proton beam coming from MR, bent it towards the direction of Kamioka by 80.7 0 , and focus the beam onto the target. A well tuned proton beam is of great importance for the stable neutrino beam production, thus in J-PARC facility there are several beam monitors placed in order to control the proton beam intensity, profile, position or loss. Three sections constitute the secondary beamline: the target station, decay volume and beam dump. The target station is equipped with three magnetic horns and the graphite target, 90 cm in length, is inserted inside the first one. The proton beam is directed towards graphite target, and as a result many hadrons are produced, amongst of which charged pions and kaons are crucial. While charged pions decays are responsible for the low energy neutrinos, charged kaons generate the high energy tail of the T2K beam, and [4] . At primary stage of the experiment horns were working at 250 kA current pulse in order to focus positively charged hadrons to produce a ν μ enhanced beam. An anti-neutrino enhanced beamν μ is produced by T2K starting from 2013. Experimentally it can be done by reversing the current direction in the focusing horns in order to select negatively charged particles, like π − . Precision of the T2K beam simulation relies heavily on the knowledge of the hadron production of neutrino parents, charged pions and kaons, produced in p+C interactions at 31 GeV/c. This is the reason why neutrino programme of the NA61/SHINE experiment comes into importance.
Measurements of hadron production in NA61/SHINE
The NA61/SHINE (SHINE = SPS Heavy Ion and Neutrino Experiment) is a large acceptance hadron spectrometer located in the North Area H2 beam line of the European Organisation for Nuclear Research (CERN) in Geneva. The experiment uses beams from the Super Proton Synchrotron (SPS). The NA61/SHINE experimental facility is described in detail in Ref. [5] The first measurements performed for the T2K by the NA61/SHINE were carried out using the 2007 [6, 7] pilot run and those data were already used to tune neutrino flux predictions. Current results from the 2009 run on π ± , K ± , p, K 0 S and Λ production using a graphite target with a thickness of 4% of a nuclear interaction length (so called thin target) were recently published [8] . The analysis was done in bins of momentum p and production angle θ. The improved statistics of the 2009 (by a factor of 8 larger with respect to 2007 data set) allowed NA61/SHINE not only to improve the precision of the measurements but also to have for the first time results of negatively charged kaons. Spectra analysis techniques and uncertainties are described in great detail in Ref. [8] . In Fig. 1 , as an example, we present the momentum distributions of π + (left) and π − (right) produced in p+C interactions at 31 GeV/c for the 6 out of 11 polar angle intervals (θ). 
Impact of the NA61/SHINE thin target measurements on the T2K flux predictions
The impact of the thin-target NA61/SHINE measurements may be seen in the studies of the total T2K flux uncertainties, which are shown in Fig. 2 for ν In addition the 2009 NA61/SHINE data set was for the first time used to tuneν μ enhanced beam, and current status presents again 8% total uncertainty on the flux in the energy peak. However, hadron interactions uncertainties, marked with the red lines, are still the most dominant sources in the flux predictions for both neutrino and anti-neutrino modes. We are limited with reduction of the flux uncertainties even with the dedicated measurements done on the thin target, because these measurements do not account for the re-interactions in the 90 cm long T2K target. Further studies can only be improved with the NA61/SHINE measurements with the T2K replica target [9] . This will be possible due to the fact that NA61/SHINE has sent for publication corrected spectra of π ± from the T2K replica target in Ref. [10] . The work to use these measurements for the T2K (anti-)neutrino flux predictions in on-going [11] . 
